There are few reliable epidemiologic data on the overall frequency and importance of allergy. We describe a practical method for quantifying the concentration of both amorphous and morphologically defined antigens in the air. A high volume air sampler is used to collect airborne particles and has a facility to separate samples into different particle sizes. Samples are tested for allergenic activity by radioallergosorbent test inhibition assay. Preliminary findings from studies of community wide, amorphous and common household allergens are reported.
The antigens concerned are airborne with the rare exception of acute airway obstruction occurring as part of a generalized anaphylactic reaction, such as from an insect sting. There is little evidence that allergic asthma occurs from antigens presented to the body through other routes. The concept that chronic asthma may be caused by allergy to respiratory tract microorganisms or common foods does not rest on experimental evidence.
ALLERGENS ASSOCIATED WITH ASTHMA
Most aeroallergens are finely divided organic dust, with particle sizes smaller than 10 micrometers mean mass aerodynamic diameter. A few are aerosol droplets or gases. These allergens can be considered under three headings: outdoor community-wide allergens, allergens arising indoors in homes, and occupational allergens (Table 1) . Standard reference sources provide a thorough discussion of these antigens. 13 Although community-wide allergens vary greatly with different climates, with the season, and to some extent with the local weather conditions, they are reasonably consistent year after year. They blow into buildings through open windows or ventilation systems; the concentration indoors can be reduced by air-conditioning. Allergens arising within the home, particularly the house dust mite, also vary with season and climate. 4 
Measuring Allergen Levels in the Air
In the study of the allergic etiology of asthma, quantitative techniques for measuring the concentration of the antigen in the air are needed. Traditional techniques include counting pollen and mold spores that have a characteristic microscopic morphology and cultures for molds that will grow in laboratory media. In certain occupational asthmas, such as toluene diisocyanate, chemical assays are available that permit correlation between concentration of the material in the air, induction of sensitivity and provocation of symptoms. 6 These traditional techniques are limited to antigens with a recognizable morphology or chemicals for which analytical methods exist. Unfortunately, many allergens are amorphous, nonviable particles and cannot be measured by these methods. Moreover, asthma caused by pollen, though a common enough event, presents a conceptual dilemma. 7 The pollen grains are too large to penetrate the filtration barriers of the nose and upper airways, and pollen deposited in the nose does not provoke bronchial obstruction.
To test the hypothesis that pollen antigen exists in amorphous particles of respirable size, it is necessary to measure antigen in particles of various sizes. We have developed immunochemical techniques that permit study of important questions about aeroallergens. 8 We use a high-volume air sampler (Accu-Vol, General Metal Works) that samples 1.2 m 3 of air per minute and captures airborne particles >0.3 micron in diameter on fiberglass sheets. The sheets are eluted by descending chromatography; eluates are dialyzed, lyophilized, and tested for allergenic activity by radioallergosorbent test (RAST) inhibition assays. I will review briefly what we have learned in early studies using these techniques.
IMMUNOCHEMICAL ASSAYS OF AIRBORNE ALLERGENS

Community-wide Allergens
In preliminary experiments we found that eluates from filter sheets exposed to as little as 4 mg of either short ragweed pollen or dry defatted Alternaria powder produced satisfactory RAST inhibition curves. We operated the air sampler outdoors from late July to early October, changing the filter sheets daily. Pollen and mold spore counts were determined using a Rotoslide collector. 9 There was a significant correlation between ragweed pollen counts and short ragweed allergenic activity eluted from the filter sheets (r= +0.59, p<0.0005). Similarly, there was a significant correlation between the Alternaria spore counts and Alternaria allergenic activity in filter eluates (r= +0.68, p<0.0005). Both AgE and Alt-I could be identified in the filter eluates, at levels as low as 2 ng for AgE and 50 ng for Alt-I. The immunochemical estimates of airborne AgE and total airborne short ragweed allergens were closely correlated. Likewise, immunochemical estimates of atmospheric Alt-I and atmospheric Alternaria allergens were closely correlated.
Filter eluates produced positive immediate wheal and flare skin tests in patients with fall hay fever at concentrations which gave negative skin test results in nonallergic individuals. Finally, there was a significant correlation between the mean hay fever symptom score indices of ten ragweedsensitive individuals and the immunochemical estimates of atmospheric short ragweed allergen. 16 An unexpected finding was the presence of measurable quantities of atmospheric AgE and short ragweed allergenic activity during June and July 1981, before the ragweed pollination season in Minnesota (Fig 1) . To extend these observations, we sampled both indoor and outdoor air in late April and prepared filter eluates as usual.
The outdoor filter eluate contained 10,000 RAST inhibition units of short ragweed allergen per 24 hours and produced positive intradermal skin tests at dilutions of 1:500 and 1:5,000 in two ragweed-sensitive individuals; skin tests in two nonallergic individuals were negative using undiluted eluates. Eluates from unexposed sheets and eluates from filter sheets exposed indoors using the same sampler did not contain short ragweed allergenic activity and gave negative skin tests in both ragweed-sensitive and nonallergic individuals.
We therefore postulated that there were sources of ragweed allergen other than pollen in the atmosphere. These might come from other parts of the ragweed plant"-12 or from ragweed pollen which had settled onto the soil, with subsequent "extraction" by rain or melting snow, followed by adsorption of ragweed allergen onto soil particles, which later became airborne.
To explore these possibilities, we collected soil samples and various parts of short ragweed plants from June through November, extracts of which were used for skin testing and for ragweed allergen assay by RAST inhibition. We also operated two outdoor air sampling units during this period. One was equipped with an Andersen multistage cascade impactor to separate airborne particles into five size ranges from 0.3 to >6 micrometer in diameter. Filters from each of the sizing stages were eluted and tested for allergenic activity by short ragweed RAST inhibition and by skin testing. 13 During the peak of the ragweed pollen season in August, short ragweed allergenic activity could be demonstrated in all five filter stages (Table 2 ). More than half of the antigen was found on stages II-V in particle sizes less than 6 micrometers. All filter eluates produced positive skin tests at dilutions of 1:1,000 to 1:100,000 in three ragweed-sensitive patients tested. These dilutions gave negative skin tests in nonallergic persons. Extracts of soil samples collected during this period contained only trace amounts of short ragweed allergens.
Varying quantities of allergenic activity were found in ragweed plant parts, including the male inflorescence (pollen-bearing flower), leaves, stems, roots, seeds and bracts (Table 3) . Allergenic activity was present not only prior to and during the pollination season, but also after the season (October and November). The male inflorescence was the major contributor of allergen.
Measurable quantities of atmospheric ragweed allergens 14 The source of this allergen presumably is debris from ragweed plant parts.
Amorphous Indoor Allergens
Having validated the sampling method on morphologically identifiable allergens (outdoor pollen and mold spores), we moved the air sampler inside to measure amorphous indoor allergens.
First, we sampled an animal care room housing 2,000 mice and an immunology laboratory where between five and 100 mice were kept at various times. 15 Using IgE-containing sera from laboratory workers allergic to mice, the filter sheet eluates were tested by RAST inhibition for mouse pelt allergens, mouse urine, and mouse serum albumin. In the mouse care room we measured approximately 800 ng/m 3 of mouse pelt protein and approximately 60 ng/m 3 of mouse urine protein. In the immunology laboratory only about 2 ng/m 3 of mouse pelt protein could be measured. In the latter location, the quantity of mouse allergen recovered depended on both the number of mice in the room and the degree of activity within the room; allergen levels were higher on weekdays than on weekends. The specificity of the RAST inhibition method used to measure the mouse allergens was confirmed by the fact that filter sheet eluates did not produce inhibition in a short ragweed RAST system, nor did short ragweed extracts or rat urinary protein inhibit homologous binding in the three RAST assays for mouse allergens.
We next measured airborne guinea pig allergens in a guinea pig housing room, a research laboratory, and a nearby departmental library (Table 4) . 1S We found guinea pig urine allergen activity in all indoor air filter samples, and guinea pig pelt allergen activity in all air filter samples except the library. Outdoor samples contained no detectable antigen. We did not find guinea pig albumin in any sample. Sizing of airborne particles demonstrated a bimodal distribution. Most guinea pig allergen activity was associated with particles of a mean mass aerodynamic diameter greater than 5 micrometers or less than 0.8 micrometers (Table 5) . We concluded that urine was the major source of guinea pig allergens and that it was present in airborne particles small enough to penetrate the lower respiratory tract.
The Accu-Vol sampler is too noisy to operate in the home. Quieter equipment is needed that will provide a flow rate of about 4 L/second; this flow is sufficient to allow accurate assay of allergens at the relatively low concentrations prevailing in the home. We have designed such an apparatus and collected preliminary data about antigens of house dust mite (Dermatophagoidesfarinae), cockroach, cat pelt and mouse urine in the air of dwellings in Rochester, Minnesota and Harlem, New York 17 (Table 6 ).
In Rochester, dwelling 1 had three pet cats, dwelling 4 had two and dwelling 3 had one. Dwelling 8 had three pet guinea pigs and dwelling 9 had one. Thus, the amount of animal antigen in the air is proportional to the number of animals in the house.
In collaboration with Dr. Inge Goldstein of Columbia University we have sampled the air in Harlem low-income apartments. We found the concentration of house dust mite was about the same as in homes in Rochester, but cockroach was present in substantial concentrations. In two of the Harlem apartments the concentration of mouse urinary protein approached the concentration in an immunology laboratory where mouse-allergic workers complained of asthma. Different rooms in one of the Rochester homes were studied to assess allergen distribution throughout a house heated with a forced air furnace. The distribution of cat and mite allergens was relatively consistent in bedrooms, study and basement (Table 7) except for a great increase in the bedroom after shaking the bedding. This bed was chosen for the experiment because a cat often slept on it.
On another occasion, the Accu-Vol with Andersen sampling head was used to determine the size of the particles in this bedroom after making the bed (Table 8) . Allergen occurred in all sizes of particles. The bulk of the cat and mite allergen activities were associated with particles capable of penetrating the lower respiratory tract. Mite allergen activity was primarily in stages II, IV and V (<4.1 micrometers to <0.8 micrometers) both in quiet and disrupted air. Cat allergen activity was predominant in stages I and V (>4.1 micrometers and <0.8 micrometers) in the room after making the bed, but more evenly distributed throughout all stages in calm air. These data about the size of house dust mite particles appear to conflict with the data of Platts-Mills who found that the major antigen of D pterynissinus (Pi) is contained primarily in fecal pellets and that PI is airborne in only small amounts and in particles >10 micrometers and settles out rapidly after the air is disturbed. M 
CONCLUSIONS
Immunochemical aeroallergen quantitation provides a practical method for the study of all airborne antigens, amorphous as well as morphologically defined particles such as pollens or mold spores. It has allowed confirmation that the particle size is small enough to penetrate the filtration of the upper airways and reach the bronchi.
Geographic, seasonal and climatic factors are important in determining the allergens present in both indoor and outdoor air. In addition, cultural and socioeconomic factors determine the kind and amount of antigen indoors. Some indoor allergen can be of particular concern, because they may accumulate in a limited air volume.
The immunochemical approach to comparing antigen levels in different locations and at different times requires reference antigen preparations. The antigen sources should be as well defined as possible. In general, the method is more sensitive for purified, or at least partially purified, allergens
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International Workshop on Etiology ol Asthma than for crude extracts. For samples that require concentration, it is necessary to determine that the antigens are stable during the concentration step. This approach also requires that the IgE antibody pool be large enough for the entire study and be stored at -70°C in aliquots to maximize stability.
